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(54) Dilator 

(57) AsurgicaJ device forfacilttating 
access to a bodily cavity comprises a 
tube of metal or plastic, having en 
internal longitudinal channel and holes 
extending from the channel to the outer 
surface Of the tube. The tube is normally 
fitted with a sleeve of a water- swe liable 
material, especially a hydrophilicgraft 
copolymer. In use the tube plus sleeve is 
inserted into the body, percutaneously 
or through a bodily orifice, an aqueous 
medium is passed down the channel, 
flows through the holes, the sleeve 
swells and the tube may be removed, 
the sleeve remaining in place allowing 
access to th© cavity. Preferably a helical 
groove on th© outer surface of the tube 
links at least some of the holes. 
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SPECIFICATION 

Si'SlS human Drvetennarysurger/.lnparticulartheinvention relates to 

5 devicesforusein facilitate 5 
Invariousfieldsofsurgeryitisnec*^^ 
to anlnternal bodily space to enable the insertion of surgical instruments orthe extraction of a foreign particle 
such as a kidney stone whilst avoiding frictional or manipulative damage to the body wall. For example the 
method most widely used today to provide a percutaneous tract comprises needle puncture of the skin, ottne 
io subcutaneoustissuesandofanyappropriateorgans,^ 10 
the needle, and then by the insertion of aseries of concentric tubular dilators, each of gnsaLw Ui*meterthanrt3 
predecessor so as to g radually open a channel into the patient's body. When the internal diameter of the 
outermost di'lator constitutes a wide enough tract, the guide wire and Inner dilators are removed, thus leaving 
the outermost dilator in place. ' . » 

15 Thismethodsuffer^fromanumberof disadvantages. The insertion of a number of dilators takes time. As 15 
each is normally separately sterilised and prepared, this adds to the inconvenience of the method. Consider- 
able effort may be needed to overcome the frictional forces between the dilator and surround ingt^^^ 
between successive dilators. These factors all contribute to fatigue of the surgeon and trauma of the patient 
Itlsanobjectofthepresentinventionto provide a surgical device which enables the provision of an access 
20 tract or channel to a bodily space, and which alleviates to some extent the problems of existing methods, 20. 
According to the present invention in a first aspect, a surgical device is characterised in that it com prises a 
tubeofgenerallycylindrical shape and provided with an intemallongitudinal channel and further provided 
with a plurality of holes extendingfrom the longitudinal channel to the outersurfaca of the tube and further 
provided with a sleeve of a water - swellable material around the tube, the sleeve covering at least some of the 
25 holes. . 25 

In use in surgery to provide an access tract orchannel from the outside of a patient's body to an interna! ^ 
bodily space the device may be used in a number of ways depending upon whether access into the patient's 
bodyisto be via a convenient bodily orifice, such as the anus, urethra, vagina, trachea omasa! passages etc., 
orpercutaneously. 

30 If through a bodily orifice, the tube plus sleeve may simply be inserted into the orifice, if percutaneously,eg 30 
for percutaneous nephrolithotomy, then a needle puncture is made in the patient, followed by guide wire 
insertion as in prior art methods. The tube plus sleeve is then threaded onto the guide wire, the wire passing 
through the internal channel, and is then inserted into the patient's body. 
Whetherinsertion takes place through a bodily orifice or percutaneously, the tube plus sleeve is manipula- 

35 ted into the bodily space of interest An aqueous medium isthen directed along the longitudinal channel, and 35 
flowsthrough the holes, to contactthewater- swellable material. The material then expandsaway fromthe 
tube, and the tube may be withdrawn, leaving the expanded sleeve of water - swelled material in place as an 
access channel forthe insertion of instruments or extraction of foreign particles. As well asexpansion by 
contact with theaqueous medium, the water -swell able material may also be swollen by contact with bodily 

40 fluids. 40 
The tube may be of any dimensions appropriate forthe provision of an access channel to a bodily space as 
generally understood in the art The tuba is preferably of circular cross section but may be of elliptical section. 
For percutaneous renal access, for example, a tube of circular cross section, 20 cm long and 1,5to 10mm 
diameter is suitable. 

45 For percutaneous applications, the longitudinal channel should extend forthe full length of the tube and be 45 
open at both ends to enable threading onto a guide wire. For applications where the device is inserted 
through an existing bodily orifice the longitudinal channel need only be open atthe end which is to remain 
outside the body to allow Introduction of the aqueous media, but a device with a channel open at both ends 
may be used for both types of applications referred to above. The dimensions of the longitudinal channel 
50 should be adequate to enable sufficient aqueous medium to flow to expand the water swellable material in a 50 
convenienttime,andincases where the device isto be threaded onto a guide wire, ofsufficientdiameterto 
allow this. In a devicefor percutaneous usagB for example, a channel of circular section 2.5 mm diameter in a 
tube 8 mm diameter was found to be entirely suHabie. 
The holes should be of sufficient size and number to allow a sufficientfiow of the aqueous medium to the 
55 sleeve of water- swellable material to cause itto swell in a convenient time, without prejudicing the structural 55 
integrity of the tube. A preferred shape of hole isf rustro-ccnoldal, with the narrow end I nwards, so as to cause 
contact of as large an area of the water- swellable material as possible with the aqueous medium flowing 
through the holes. Other shapes of hole e.g . slits may be used, but longitudinal slits may cause a problem If 
the device is used in conjunction with a guide wire, as this wire may dislocate through such a slit and bucWe. 
$0 Preferably the holes are regularly spacedto encourage uniform swelling of the water -swellable material. In a 59. 
tube 20 cm long, 8 mm diameter, with an internal longitudinal channel 2.5 mm diameter, 20 to 30 holes, 1 mm 
diameter attheirnarrowendand3to4mm diameter at their wide end, regularly spaced around and along the 
tube were found to be adequate. 



For percutaneous applications, where the tube is threaded onto a guide wire and inserted into the patient s 
65- body throughtherelatively small needle punc^ 
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inserted Into the patient's body is of generally conical shape, to ease entry. The term 'conical' or 'conoidal' 
used herei n is intended to include ogivoidal shapes, A taper of the conical end of ca 5° to 1 0° is generally 
adequate but othertapers may be used Inthe region of the conical end thelnternal channel may narrow. A 
device with a conical end may of course be used iri applications where insertion isto bethrough a bodily 
5 orifice, where no guide wire may be necessary. 

Thatubemsy be made of any bio-tolerable, bio-compatible orinert material having adequate mechanical 
strength. For example metals, such as stainless stealer plastics materials such as polyethylene, or polytetra- 
fluoroethyieneorTeflon fTrade Mark)- The latteris preferred. 
The flow of qqucouc modTum to the sleeve of water -swellable material of the device may be encouraged by 
10 providing dimples or grooves in the outer surface of the tube, in communication with at least some if notall 
the holes. A preferred form of groove is a helical groove. 

Although tubes of the general type described above are known for use in Dther medical or su rgrcal applica- 
tions efl in UK Patents 1333347, 1569945 and EPA 002237O among others, and these known tubes may in 
some cases be used, after any slight necessary adaptation, for the tube of the device of the present invention, 
« 5 the form of tube described above when provided with a helical groove or grooves is believed to be novel. 

According therefore to a further aspect of the present invention there is provided a surgical device compris- 
ing a tube of generally cylindrical shape and provided with an internal longitudinal channel and further 
provided with a plurality of holes extending fromthe internal channel to thaoutersurfaceofthetubeand 
further provided with at leastone helical groove in theoutersurfave of the tube in communication with at 
20 least some of the holes. t % 20 

This latter surgical device may be suitable for many uses in its own right, but is principally intended for use 
in conjunction with the water- swellable sleeve to provide a device as described above* The other preferred 
aspects of the design of this latter device, ie dimensions, shape, the channel, the holes, the conical end and 
materials of which it is made are as described above in connection with the first device, 
25 The water-swellable material should be bio-tolerable, bvc-compatible or biologically inert. It should be 25 
strong enoughto resist damage by contact with the sharp edges of surgical instruments or the jaggedcorners 
offoreign particles such as kidney stones. 

A preferred form of water-swellablejnaterial is one which becomes slippery on wetting. This enableseasy 
removal ofthe tube, easy insertion of surgical instruments, and easy removal offoreign particles by reducing 
30 friction. It is also then easier to remove the sleeve from pie patient when the operation is over. 30 
The extent of swelling ofthe water -swellable material should be such as to enable easy removal of the tube, 
preferably further aided by slipperiness ofthe wet material Ideally the material should swell with sufficient 
forceto dilatethesurrounding tissue, butif the expansive force is insufficient, further dilation maybe 
achieved by the insertion of afurther dilator of wider diameter intothe swollen sleeve, which would also be 
35 facilitated by a slippery sleeve. ..... ^ j 35 

The sleeve should be sufficiently tightly mounted on the tube to resist stripping when the device is inserted 
into the patient's body. Preferably this tightness is achieved by the use of a sleeve which contracts ondrying 
after its expansion on wetting, in this case a sleeve of internal dimensions either the same as or preferably 
slightly less than the external dimensions ofthe tube is used. The sleeve is wetted to cause swelling, is then 
40 fittedoverthetube,andallowedtodryandshrW 40 
should preferably cover all or substantially all ofthe holes when mounted on the tube. 

Preferably the water - sweflable material is a polymeric material. A numberof these are known, for example 
the materials described in UK Patent 2035350, being hydrophilic graft copolymers comprising a base 
polymeregpolyethylene,flraftcx^ je 
ac carboxvlicacid, eg acrylicacid. Another example of such a polymermeric material is that described mPCT 45 
Application PCT/GB85/00197 (claiming priority from UK Patent Application 841 2007), being an ethylene v. nyl 
acetatecopoh/mersimileriygraftcopolymerisedwithacryiicacidbyradi 

tion and coated with polyvinyl alcohol to resist waterabsorption and delay sweUing.T^e polymencmatenals 
describedinthatpatentandapplicationarep^ crt 

50 ties discussed above, eg biotolerability, slipperiness on wetting, some 60 % swelling on wetting in some 50 
cases, contraction on drying, and adequate mechanical strength. TUA _ ifl/iiio 

The aqueous medium may be any medium normally used in surgery for irrigation eg sahne/The aqueous ^ 
medium may beintroduced into the tubeby any conventional means, for example the end of the tube which is 
to remain outsidethe patient's body may be adapted to take a delivery tube leading to a bottle of ihemed.urn, 

« The device ofthe invention maybe used in an alternative application forthe infiltration of a percutaneous 55 
tractorabodilyorrtlcewimalocala^ 

is inserted into the tract or orifice, and the anaesthetic passed down the longitudinal channel to escape 
through the holes. Such an anaesthetic may also be used to swell a sleeve of water-swellable matenal in some 



applications. . . ^_ 

The invention will now be described by way of example only with reference to the accompanying drawings 60 

in which: 



60 

figure 1 shows a cross sectional view of a device according to thefirst aspect ofthe invention. 
f/w/s2showean orthogonal view ofthe device of Rgurel. 

Figure 3s\\ows a perspective view of a device according to the second aspect ofthe invention before 
f$ wetting ofthe sleeve. 
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Figure 4 shows the device of Figu re 3 after wetting of the sleeve. 
figure Sshows the device of the invention in use in a percutaneous lithotomy operation. 

F/oure Gshows the device of the ^ . , m , 

ReWingtoRguresland2,adeviceaccord^^ 

5 cviindricatformbuthavingonee^^ . . . 5 

axtendsthe whole length ofthetubeand is open at both ends. Anumber of regularly spacedfr^stm-conoidal 
holes (4) pierce the walls of the tube {1 ), extending from the channel (3) to the outer surface of the tube i {1 ). 

Referring to Figures 3 and 4, the tube shown in Figures 1 and 2 is shown overa II in perspective (5). The holes 
(4) are omitted from Figures 3 end 4for clarity, butthe end of the longitudinal channel (3) is shown. Asleeve • 

10 (6)madeofthewater-swe!lablepoIymerdescribedinPCT/GB85/rj0l97ofdry^ « 
of the tube (5) has been wetted and allowed to expand, fitted over The tube (a), uu vering oil the holoc {A ) ana 
allowedtodryinairandshrinktofitthotube(5)tightly. 

In Figure 4 water has been passed down the longitudinal channel (3) from the non-comcal end Uh The 
water has flowed out along the holes (4), contacted the dry sleeve (6), and caused it to expand into rts wet 

15 expanded form (8), simultaneously becoming slippery. , naM 
Referring to Figure 5, a kidney (9) is shown harbouring a kidney stone (1 0). A needle (not shown) has been 
inserted throughthe outer skin {1 1)and muscle (12)ofthe patient, into the internal space (13) of the kidney. A 
guide wire(notshown) has thenbeen inserted into the kidney through the needle puncture. Trie tube plus 
S |eeveofFigure3,shown overall (14) wasthenth^ 

20 patient, and then Inserted through the skfn (1 1 ) and muscle (12) into theinternal space <l 3> kidney (9 , 20 
Theguide wire was then withdrawn andsalinewas directed down the longitudinal channel (3} Of the tube (14) 
via a plastics tube and reservoir (not shown). The sleeve(6) expanded away from the tube (1 ), which wasthen 
withdrawn leaving the steeve (6) in place in its expanded slippery state, through which access to the stone (10) 
could be gained. 

25 

Surgical ex&mp/e . . . 

Four patients sufferingfrom kidney stones were chosen. The method described above for insertion otthe 

sleeve was used on each, using a tube of 24 ch diameter. The tube plussleeve was inserted using X-Ray 

screening.The sleeve was expanded as described above using saline, and the tube was removed. A nephros- 
30 cope was easily passed into the kidney of each patient Jn two cases the sleeve was insufficiently strong to 30 

dilate the fascia and muscle by itself, and hence a largerTeflon (Trade Mark) dilator (32 ch) was inserted into 

thasleeve to force the tractopen, with minimumforce as the tract wasnow lined wfth the slippery sleeve- 
I n two cases the sleeve was able to dilate the muscle and fascia itself and the stones were extracted usi ng 

alligators. A non-toothed alligator wasfound to be advantageous in reducing tearing of the sleeve. 
35 Referring to Rgure 6, a device according to the i nvention is again in the form of a tube with one generally 35 

conical end, shown overall (15), only the portion of the tube near theends being shown, the centre portion 

omitted, for clarity. , 

The wall of the tube (1 S) is pierced by a number of regularly spaced frustro-conoidai holes J4). A helical 
groove (ie) has been formed in the outer surface of the tube (15) r terminating at both endsin holes (4A) andln 
40 communication with all the holes (4). 40 
In use, a sleeve (not shown) (6) of water-swel la ble material isfittedoverthetubedS). When an aqueous 
medium is madeto flow down the longitudinal channel (notshown)(3)ofthetube (15) eg in the course of an 
operation as described above, the medium flows out through the-holes (4) and along the groove (1 6). Areas of 
the sleeve not covering the holes (4) ere thus contacted by the aqueous medium, ie those areas covering the 
45 groove (16) and fa ster< more uniform swelling of the sleeve is achieved. 4S 

Water swells ble sleeve . - A - 

As menti oned above, the water - swellable sleeve was made of the polymer described in PCT/GB85/0D1 97. 
For convenience its preparation is summarised below. 
50 Anextnjdedtube(nominaUntemaldiam.5.5mmandwallmickness0^mm)ofpoh/ethylenevinylaceta[te 50 

containing 125 wt% vinyl acetate (supplied by 1CI under code nama514) was placed in a glass vessel. The 
tube was then immersed m an aqueous solution of acrylic acid (25% vol.) and FeS0 4 (4g / L), The vessel and 
contents were then evacuated by water pump for 2 hours, then pressure equalised and sealed. The vessel was 
than irradiated with gamma rays from a ^Co source at dose rate 0.015 Mrad / hr to a total dose of 1 Mrad at 
55 21 D C.Thetubewasthenwashedwith distilled water, then dried at 5Q fl C* The tube was then immersed for 5 56 
minutes in a 5% aqueous solution of KOH at 95*C. This was followed by a quench in distilled water at 20°C, 
rinsing in distilled water and drying at 50*C Dimensional changes on subsequent water equilibration were 
measuresd and were as below: 



60 

% Change 
Length +53 
Wallthickness +68 
Internal diameter +43 
65 Weight +228 
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notalt the holes. 
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bed with reference to the accompanying drawings, 

19 TSsed packcontaWngasuraicatdeviceasclaimadinanyoneoftheprecedingclalms. 
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CLAIMS 

1. Asurgiceldetfcecomprisi^ 
udinaichannelandfurtherprov^^ 
5 eurface of thetubeand further provided with a sleaveof a water- syllable matenal aroundthetuba.covertng 5 

T'SSSSclaimedinda^ 

^ Asurqlcaldevlceasclaimedinelaim 1 wh©r«lnth 6 lono*«dinalchannelisopenatonlyoneend. 
10 4 AlSXceasc^ 10 

TtSSdSasctairned in anyone of the precedingdaimswhereinthatubeismadeof stainless 

maLalSablecf swelling ^thsuffidantforcetodilatetlssuesurn^ndingthadev.cewhenthedev.w 
has been inserted into the human or animal bodythrough a suitable orifice. te „ a , ri ! fl m 0 ter O fth a 2B 

11. Asurgicaldeviceaeclaimedinarryoneofthep^^ 25 

3I > '"rVstSSa 30 

^.'Tairgical device aa claimed in claim 1 3 wherelnthe graft copolymer is polyethylene graftcopolymer- 
i5 fs W " rt iSK^ceasciai m ed^ 

81 17 h ° Acumical device comprising atube of generally cylindrical shape and provided with an internal longi- 
*. J^Li^B^fa^rSSSSlhh a pluralVtyof holesoxtendlngfromtheinternal channel to the outer 



